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[57] ABSTRACT 

An apparatus for recording and reproducing an en- 
coded video signal from a source encoder comprises a 
decoder for performing a decoding process for the en- 
coded video signal to produce a decoded video signal, 
an encoder block for compressing the decoded video 
signal using a spatial correlation to produce an intra 
mode compression signal, a buffer memory for storing 
the intra mode compression signal, a mode controller 
for generating a clock pulse used to read out data in the 
buffer memory in accordance with a longer playing 
time recording and a normal playing time recording and 
a recording and reproducing unit for recording and 
reproducing the intra mode compression signal read 
from the buffer memory. 
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coder, which comprises a decoder for decoding the 

DIGITAL VIDEO SIGNAL encoded video signal to produce a decoded video sig- 

RECORDING/REPRODUCING APPARATUS FOR nal, an encoder block for compressing the decoded 

LONGER PLAYING TIME video signal using an intraframe correlation to produce 

5 an intra mode compression signal, a buffer memory for 

FIELD OF THE INVENTION storing the intra mode compression signal, a mode con- 

The present invention relates to an apparatus for troUer for generating a clock pulse for use to read out 
recording and reproducing a digital video signal; and, data from the buffer memory in response to a multi- 
more particularly, to an improved digital video signal speed recording mode which includes a standard mode 
recording and reproducing apparatus adapted for a for a normal playing time and an extended mode for a 
longer playing time. longer playing time, and a recording/reproducing unit 
DESCRIFnON OF THE PRIOR ART TccoT,Mg and reproducmg the intra mcxie compres- 

sion signal read from the buffer memory. 

As is well known, a digital video tape recorder ^^^^^-^.^ 

C;VTR") records and reproduces a video signal in a 15 BRIEF DESCRIPTION OF THE DRAWING 
digital form. The digital video signal may be a pulse The above and other objects and features of the pres- 
code modulated ("PCM") signal which is obtained by ent invention will become apparent from the following 
performing a sampling operation on the video signal in description of preferred embodiments taken in conjunc- 
such a manner that satisfies the so-called Nyquist condi- tion with the accompanying drawing which is a block 
tion. The digital VTR of the type described above is 20 diagram iUustrative of the inventive apparatus for re- 
disclosed in an article entitled. "Digital Video Record- cording and reproducing a digital video signal in a com- 
mg Techmques Usmg i" Metal Particle Tape" by S. pressed form * ^ 
Mita et al., IEEE Consumer Electronics, 386-397 (Au- 
gust, 1985). DETAIL DESCRIPTION OF THE PREFERRED 

In addition, there is proposed a digital VTR for com- 25 EMBODIMENTS 
pressing a digital Nddeo si^ by employing a high-effi- Jiefcrnng to the drawing, there is shown a block 
ciency codmg techmque based on Hadamard transfer- Ai^r,^^ * - ^' d uiui.A 
mation in order to elongate the recording and reproduc ^'TT, ^^.f "P?^ "' '"^^^^^^ ^^^^"^^ 
ing time per unit len^ of a recordbg tape (see C. ^ "^'^f ^'^^ accordance with the present 
Yamamitsu et al., "High Density Recording and Bit 30 "'^^^P'^; i • , r ... 
RateReductionfora2-hour Digital VTR", distal video signal for recordmg is supphed 
d Data Recording. 1 13-120 (March 1986)). However, hne 12 to a selector 14 for selecting a signal to 
the digital VTR proposed by Yamamitsu is silent on the ^ recorded on a recordmg media or a signal repro- 
possibility or mechanism of compressing a digital video ^^^^ recordmg media. The digital video 
signal in a standard playing mode or a longer playing 35 mclude an encoded video signal in a com- 
mode, pressed form applied through the use of a conventional 

U.S. Pat. No. 4,963,992 issued to Nobukazu Doi et al. encoding system. The conventional encoding system 
discloses an apparatus for recording/reproducing a may use a video compression technique for the trans- 
digital video signal in both standard and extended play- niission of digital video signals through a conventional 
ing modes through the use of a sub-Nyquist sampling 40 communication channel. Such compression techniques 
operation. The apparatus comprises a first and a second ^e classified into three categories. 
sub-Nyquist sampling circuits, each of which samples ^ category of such compression techniques 
the digital video signal to produce a first and a second known in the art is the so-called predictive method, also 
sampled signals which do not define the same data known as the interframe coding, which is based on the 
within the digital video signal. Both the first and the 45 conceptof reducing the redundancy between neighbor- 
second sampled signals are combined and recorded in a frames. This method is described, for example, in 
standard mode while either the first or the second sam- Ninomiya and Ohtsuka, "A Motion-Compensated In- 
pled signal is selected and then recorded in the extended terframe Coding Scheme for Television Pictures", 
playing mode. IEEE Transactions on Communications, COM-SO, No. 1 

While the Doi patent provides an improved record- 50 (January, 1982), which is incorporated herein by refer- 

ing and reproducing apparatus over the Yamamitsu ence. 

system, it requires two si^ial paths through which both A second category of the coding methods comprises 

the first and the second sampled signals are passed, a transform technique which utilizes the redundancy 

thereby complicating its signal processing. existing in a single frame. This coding technique, which 

Further, there is no known prior art system which 55 exploits only the spatial correlation, is called the intra- 

offers an apparatus for recording and reproducing an fi"ame coding. This technique is described in, e.g,, Chen 

encoded video signal supplied from a source encoder. and Pratt, "Scene Adaptive Coder", IEEE Transactions 

SUMMARY OF THE INVENTION . ^T""Z""!Tr. '^^^f" ^ ^^"^ 

is mcorporated nerem by reference. 

It is, therefore, an object of the invention to provide 60 A third category of the compression techniques is 
an apparatus which is capable of recording and repro- built on the concept of combining the first and the sec- 
ducing a digital video signal in a compressed form. ond categories of techniques(see Staffan Ericsson, 

It is another object of the invention to provide a "Fixed and adaptive Predictors for Hybrid Predictive/- 
digital video signal recording and reproducing appara- Transform Coding", IEEE Transactions on Communica- 
tus operable for an extended playing time. 65 tion, Corn-ll, No. 12 (December, 1985)), which is also 

In accordance with the present invention, there is incorporated herein by reference, 
provided an apparatus for recording and reproducing The encoded video signal is applied to a decoder 16 
an encoded video signal suppUed from a source en- of a conventional design which performs the inversion 
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or decoding of the encoding operation performed by That is, the quantization step size is changed in accor- 

any one of the encoding techniques described above. dance with the amount of the data remaining in the 

The decoder 16 produces a decoded video signal which buffer memory. If, for example, the amoimt of the data 

may be a PCM signal defining a sequence of video in the buffer memory 32 is increased, it causes to in- 

frames, each frame being defined by a set of pixel data. 5 crease the quantization step size of the quantizer 24 so 

The decoded video signal is then supplied to an encoder that the incoming data rate into the buffer memory 32 

block becomes lowered. However, if the amount of the data 

In the encoder block 20, the decoded video signal remaining in the buffer memory is decreased, the quan- 

from the decoder 16 is subjected to an encoding pro- tization step size of the quantizer 24 will be refined or 

cess. In accordance with the present invention, the 10 reduced. 

encoder block 20 is designed to process the decoded Thereafter, the data read from the buffer memory 32 

video signal in an intraframe coding mode using a spa- is sent to a recording and reproducing unit 34 for its 

tial correlation without motion compensation to pro- recording on the recording media such as a tape (not 

duce an intra mode compression signal. The encoder shown). 

block 20 comprises a discrete cosine transform ("DCT) 15 Hereinafter, the reproducing operation of the present 
coder 22, a quantizer 24 and a variable length coder( embodiment will be further explained. When the repro- 
"VLC") 26. These are conventional elements com- ducing operation is performed in the digital VTR, the 
monly used in a DCT compression system, as described recording/reproducing unit 34 reproduces the video 
in the Chen and Pratt article referred to above. In order signal recorded on the recording media under the con- 
to carry out the DCT compression, each video frame is 20 trol of a system controller (not shown) and provides it 
divided into blocks of pixels (usually N X N sized square to the selector 14 through line 36. The system controller 
blocks). Each block of pixels is transformed by the also causes the selector 14 to select the reproduced 
DCT transform coder 22 into a set of intra mode trans- video signal from the recording/reproducing unit 34 
form coefficients. The set of transform coefficients is and transfer it to the decoder 16. As described above, 
quantized by the quantizer 24, by controlling the quanti- 25 the decoder 16 performs the decoding operation for the 
zation step size, into an intra mode quantization signal reproduced video signal to produce a video signal for 
and then supplied to the VLC 26. The VLC 26 assigns the longer playing time or the normal playing tune 
variable length codewords to the intra mode quantiza- depending on its multispeed recording mode, which 
tion signal to produce at its ou^ut the intra mode com- will be indicated on a display (not shown). In connec- 
pression signal at an irregular bit rate. In this case, since 30 tion with the reproducing operation, it will be appreci- 
the encoder block 20 can be implemented with the intra- ated that the reproduced video signal will pass through 
frame coding part only in an encoding system, except only the part that performs the intraframe coding 
for the encoding system using the interframe coding, it within the decoder 16 because the reproduced video 
is possible to simpHfy the encoder block 20 in its circuit signal is coded in the intraframe mode within the en- 
configuration. 35 coder block 20 and recorded on the recording media. 

The intra mode compression signal from the VLC 26 As well known in the art. the detection of the compres- 
is sent to a buffer memory 32 in which certain digital sion mode in the decoder 16 can be readily achieved by 
data is written at an irregixlar bit rate and from which employing a decision bit which may be used to kientify 
the digital date is read out at a constant bit rate. A mode either the intraframe mode or the interframe mode, 
controller 40 is used to generate a clock pulse for use to 40 While the present invention has been shown and 
read out the data from the buffer memory 32 in order to described with respect to the preferred embodiments, it 
achieve a multispeed recording operation, as used in a will be apparent to those skilled in the art that many 
conventional analog VTR, which includes a standard changes and modifications may be made without de- 
mode for a normal playing time and an extended mode parting from the spirit and scope of the invention as 
for a longer playing time. The mode controller 40 com- 45 defined in the appended claims, 
prises a first pulse generator 42, a second pulse genera- What is claimed is: 

tor 44 and a multiplexer 46. The first pulse generator 42 1. An apparatus for recording and reproducing an 

produces a first read clock pulse having a clock fre- encoded video signal supplied from a source encoder, 

quency for the normal playing time and the second which comprises: 

pulse generator 44 produces a second read clock pulse 50 means for decoding the encoded video signal to pro- 
having a clock frequency for the longer playing time, duce a decoded video signal defining a sequence of 
wherein the clock frequency of the second clock pulse frames; 

is lower than that of the first clock pulse. Both the first means for encoding the decoded video signal using an 

and the second clock pulses are provided to the multi- intraframe correlation to produce an intra mode 

plexer 46. The multiplexer 46 selects either the first or 55 compression signal, said encoding means including 

the second clock pulse in response to a multispeed re- an intra mode transformer for transforming the 

cording mode selection signal through Ime 48. In case decoded video signal into a set of intra mode trans- 

where the first clock pulse is selected by the multiplexer form coefficients, an intra mode quantizer for quan- 

46, the date is read from the buffer memory 32 at a bit tizing the set of intra mode transform coefficients 

rate of, e.g., 20 Mbps. However, in case where the sec- 60 using a quantization step size to produce an intra 

ond clock pulse is selected by the multiplexer 46, the mode quantization signal and a variable length 

date is read from the buffer memory 32 at a bit rate of, coder for coding the intra mode quantization signal 

e.g., 10 Mbps. to produce the intra mode compression signal at an 

In this connection, the amount of the date remaining irregular bit rate; 
in the buffer memory 32 is continuously monitored 65 means for storing the intra mode compression signal; 
through a control unit (not shown) which also controls means for generating a clock pulse for use to read out 
the quantization step size of the quantizer 24 so that the date from said storing means in response to a multi- 
date does not either overflow or empty completely. speed recordmg mode including a standard mode 
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for a normal playing time and an extended mode 
for a longer playing time; and 
means for recording the intra mode compression 
signal read from said storing means and reproduc- 
ing the recorded intra mode compression signal. 
2. The apparatus as recited in claim 1, wherein said 
clock pulse generating means includes a first clock gen- 
erator for generatmg a first clock pulse having a first 
clock frequency for the normal playing time, a second 
clock generator for generating a second clock pulse 
having a second clock frequency for the longer playing 
time and means for selectively supplying the first or the 
second clock pulse to said storing means in response to 
a multispeed recording mode selection signal, wherein 
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the second clock frequency is lower than the first clock 
frequency. 

3. The apparatus as recited in claim 2, wherein the 
quantization step size of the quantizer is controlled in 

5 accordance with the amount of the data remaining in 
the storing means. 

4. The apparatus as recited in claim 3, which further 
comprises means for selecting either the encoded signal 
from the source encoder for the recording thereof or 

10 the reproduced signal from said recording and repro- 
ducing means for the displaying thereof, wherein the 
selected signal from said selecting means is applied to 
said decoding means. 
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